IN a paper read before this Section at the end of last session, a series of experiments was described which had been arranged to demonstrate the movements of lymph in the dentinal tubules. It was found that particles of indian-ink pigment were carried from the pulp along a lymph space between Tomes's process and the wall of the tubule, and that these particles had been traced as far as the middle third of the dentine, a position to which they had been carried within an hour of their introduction into the tissues of the pulp.
By using a solution of ferrous ammonium citrate it was found possible to demonstrate complete irrigation of the dentine by lymph, but this indicator is not FIG. I.-Photomicrograph of tooth of dog. Indian ink was introduced into the pulp, P., of this tooth one hour before the dog was killed. No pressure was used. The particles of pigment,I. are seen to have entered the lymph space of the tuibules and have been carried up the tubuiles for some distance. (1/6 in. objective.) very convenient for critical investigation of the distribution of the lymph, since it diffuses very readily into the matrix of the dentine.
It has, however, been found that solid methylene blue is admirably suited to this type of investigation, since after its introduction into the pulp during life it becomes dissolved in the lymph of the pulp and distributed to the dentine and enamel. In the dentine it is confined to the tubules and their branches, from which it passes to the enamel and irrigates the prism sheaths.
Technique.-A fully adult dog is arne-sthetized with chloroform and ether after the administration of a hypodermic inijection of morphia. A cavity is drilled in the crown of one of the teeth near the neck and the pulp is freely exposed. A without destroying the tissues of the pulp. A trace of moisture is then added to the dye to ensure its solution in the lymph of the pulp, and the cavity is covered with a smear of temporary cement. It is not sufficient merely to place the dye on the exposed pulp, since it will be walled off from the pulp tissues by inflammatory reaction and will not enter the circulation in sufficient concentration. The dog is kept under morphia and killed from twelve to twenty-four hours later. The result of this experiment is a profound change in the appearance of the teeth which have been operated upon. A wide zone of a dense blue colour develops round the part of the tooth at which the dye was introduced, and where it has entered the enamel the enamel has the appearance of dark blue Bristol glass. The teeth may be preserved in 10 per 'cent. formaline solution indefinitely and sections are prepared by grinding. After they are ground the sections are immersed in 6 per cent. ammonium molybdate solution for twenty-four hours, then freshened up on the hone and mounted in Farrant's medium.
(I) The Intrinsic Circulation of Lymph in the lTooth. In the earlier report of this investigation, to which reference has already been made, evidence was given which would appear conclusive of the flow of lymph up the '~~~~~~~. ' FIG. 2.-Photomicrograph of tooth of dog. Methylene blue was introduiced into the plip of this tooth through a cavity drilled in the crown twelve hours before the dog was killed.
The dye, becoming dissolved in the lymph, is seen to have been carried uip the tubules of the dentine, D.T., to the marginal lymph plexus, M.L.P., formed by the anastomosis of their terminal branches. From the lymph pIexus the dye has been carried on into the enamel, E. (2/3 in. objective. Red colour filter.) dentinal tubules, and as the tubules were seen to end by bifurcating and dividing into branches which contained lymph, it was assumed upon -certain experimental evidence that the branches must anastomose and form a marginal lymph plexus along which the lymph might pass to other parts of the dentine, and so back to the pulp at a place where the lymph pressure was not so high. It is not suggested that a given molecule of lymph necessarily traverses the complete path, but that the movement may be in the nature of an ebb and flow along this path. The present series of experiments permits of this phenomenon being actually observed.
The dyed lymph may be traced along the tubules which occasionally bifurcate as they go out to the margin of the dentine. When the tubules reach an area just short of the enamel or cement junction they divide up into their terminal branches. These branches all lie in longitudinal planes parallel with the long -axis of the tooth -an observation which may be verified by examining a series of longitudinal We may now consider the further movements of the lymph from the lymph plexus outwards towards the enamel and the cement.
In the crown of the tooth under the enamel it is found that all the lymph does not pass along the lymph plexus and return to the pulp immediately, since it may proceed to the enamel, where it irrigates the organic tissue of the prism sheaths.
The course pursued by the lymph would appear to be this: Tubules carrying the dyed lymph are seen to leave the lymph plexus and proceed across the narrow intervening zone of dentine towards the enamel. This zone is more homogeneous than the rest of the dentine, in that fewer tubules appear to traverse it, and the fig. 3 , but showing tubules, D., leaving the marginal lymph plexus, M. L. P., and carrying dyed lymph to the bases of the enamel prisms, E., at the amelo-dentinal junction, A.D.J. D.T., dentinal tubuiles. The tubules, D., are seen to dilate and give off small branches which proceed to the prism sheaths (see fig. 6 ). (1/6 objective. Red colour filter.) tubules which do so may prove to be either ordinary dentinal tubules which have passed through the marginal lymph plexus without breaking up into branches, or they may be new tubules formed by the anastomosis of branches from the plexus. Certainly some would appear to be formed in this way, and it is interesting to speculate whether they contain a Tomes' process, or are mere lymph channels. In any case they are seen to contain the dyed lymph and to proceed to the enamel margin. As these tubules approach the bases of the prisms they form dilatations, from which several minute branches are given off, each carrying the lymph to the base of an individual prism. As this fine branch reaches the base of the prism it may end in a point, but sometimes it appears to dilate once more and to be applied to the FIG. 7 .-Photomicrograph of enamel of tooth of dog, into the pulp of which methylene blue had been introdluced. Apart from the sharp line at the amelo-dentinal junction and that at the surface of the enamel, the shading accurately indicates the distribution of the dyed lymph. At D. the dilatations on the tubules, as they reach the amelo-dentinal junction, are. seen. In the enamel the prism sheaths are carrying the lymph and are sharply outlined. The traces of grey just below the surface of the enamel indicates that the bluie lymph has reached this situation. The laminations, L.M., of the enamel are more heavily cololired than the rest of the enamel, and the eniamel lamella (of Gottlieb) L is very richly supplied with lymph owing to its high content of organic material. As this is a transverse section of the tooth the marginal lymph plexus does not show. (2/3 in. objective. Red colour filter.) prism base very much like the stem of a tobacco pipe merges into the bowl (figs. 6 A, B, C, D, and E).
The lymph, on reaching the base of the prism, passes along its sheath and can be followed by virtue of its blue colour to within a few microns of the surface; at this The enamel is, however, abundantly supplied with enamel lamellte or tufts of organic material which are plentifully irrigated with lymph. Some of these appear to take the dye to the very surface of the enamel and may conceivably form a point at which exchange of material can take place between the lymph and the saliva. It would, however, be difficult to satisfy oneself that there has been no breakage of the actual surface in preparing the specimen. Throughout this description of the irrigation of the enamel with body fluids it has been assumed that the lymph is confined to the prism sheath. This was demonstrated in a paper read before the Sixth International Dental Congress by the present author, and a photomicrograph is reproduced ( fig. 8) showing the prisms in transverse section, from which it will be seen that while the prism sheath is deeply impregnated with the dyed lymph the prism itself and the inter-prismatic substance are entirely free.
(II) The Association of the Lymph Supply of the Tooth with that of the Surrounding Alveolus. A description has just been given of the way in which, in the crown of the tooth, tubules leave the marginal lymph plexus and proceed to the enamel. In the root a very similar arrangement is seen to occur. Tubules leave the plexus and cross the granular layer of Tomes to open at the cement junction. It was therefore decided to investigate the function of these tubules and they were found to form a path for the exchange of the lymph from the alveolus across the cement with that of the marginal lymph plexus.
Experiment.-A dog is anaesthetized with chloroform and ether and a minim or two of ferrous ammonium citrate solution is injected hypodermically into the gum margin. Ten minutes later the gum, jaw and teeth are excised and the dog is destroyed. Sections are prepared of the tooth in situ by decalcification and are treated with potassium ferrocyanide and hydrochloric acid in order to turn the iron solution blue.
Upon examination the iron-stained lymph is seen to have crossed the cement and to be proceeding down the tubules towards the pulp which it has just reached at one point ( fig. 9) . Most of the dentine is, however, free from iron solution, and the 231 PROCEEDINGS OF THE ROYAL SOCIETY OF MEDICINE 8
Fish: The Lymph Supply of the Dentine and Enamel distribution of the stained lymph in the dentine renders it clear that the iron solution has entered the dentine from the periphery and not from the pulp.
It is evident that this is a true lymph circulation and not a mere diffusion, because on transverse section of the tubules carrying the iron-stained lymph, the same peripheral arrangement of the blue lymph is seen as was observed in the case FIG. 9.-Photomicrograph of tooth of dog in 8itU. Iron solution had been injected into the gum margin ten minutes before killing the dog and fixing the tissues. The iron-stained lymph, 1.8.L., is seen to have been carried across the cemeuit and to be proceeding towards the pulp which it has just reached at P (Planar lens. Red colour filter.) FIG. 10.-Transverse section of tubules from tooth treated as in fig. 9 , to show that the stained lymph is confined to the peripheral lymph space of the tubules, which therefore show as rings in transverse section. (1/6 in. objective. Red colour filter.) of the particles of pigment when indian ink was placed in the pulp and entered the lymph space of the tubules.
This observation corroborates the view that the lymph may flow in either direction along the lymph space of the tubules, that is, either away from or towards the pulp, according to the pressure equilibrium in the tubules.
In conclusion, the author wishes to express his gratitude to the Dental Board for their generous assistance in bearing the expense of this investigation. Dr. Fish's analyses were worked out very minutely; to weigh to fractions such as one-tenth of a milligram was a feat, and it was to be hoped the work would be continued.
Mr. J. G. TURNER said that Dr. Fish used the terms " osmosis," and " lymph streamn," remarking that the lymph stream " carried " either the particles or the colouring matter. But the lymph stream seemed to work in opposite directions, and there seemed to be no particular reason why it should work from the periodontal membrane inwards at the same timne that it was working from the pulp outwards. A useful suggestion seemed to be that diffusion alone was at work, for diffusion would be capable of carrying such minute particles as those of indian ink, and the colouring matter of iron, which might itself be minutely particulate. Was there any physical basis for rejecting the diffusion idea?
With regard to the experiments on dogs, he (Mr. Turner) wondered whether some means could not be invented of trying them on the human subject. It seemed that the difference between what was observed in the human dentine and enamel and that observed in dogs was too great to justify the application of what was found in the dog to that found in man. With the microscope in both enamel and dentine of the dog finer structures were seen than in the enamel and dentine of man. Clinically, it was known that human dentine sometimes repaired itself, and that dentine was killed from the inside outwards. Therefore it was clear that there was a circulation. Human cementum was killed from the inside outwards, and there was a passage through from dentine to cementum. Yet in the human enamel he had not been able to trace any connexion clinically.
A second point in regard to animal dentine which might be of help in elucidation of the question was the fact that the so-called secondary dentine was often impermeable to anything. It was known that pulp could be killed by putting arsenic on the sound dentine, so there must be some connexion from without inwards to kill that pulp. But one could never kill pulp by putting arsenic on secondary dentine. A point for comparison might be found here. From the outside one could obtain evidence of micro-organisms passing in through the cementum along what looked like minute lyinph spaces, and from the outside one expected there to be the same lymph circulation inwards in human teeth.
Mr. A. BULLEID said that in reference to one of the slides shown, Dr. Fish stated that the stained lymph was in the enamel sheath. He (the speaker) was not very clear what was meant by that. With regard to the calcium content experiments, apparently the caicium content diminished in quantity as people got older, and he asked whether there was any connexion between that and the possession of a rheumatic tendency. When people had a rheumatic tendency or suffered from arterio-sclerosis was there likely to be a withdrawal of calcium from the dentine ?
Mr. F. N. DOUBLEDAY said that he would be glad if Dr. Fish would enlighten the Section as to his mental picture of the circulation of the lymph through the dentine. Dr. Fish said it was due to changes of pressure within the pulp, but he (Mr. Doubleday) did not visualize how one came to see differences in pressure at different levels within the pulp. In the paper Dr. Fish read last session he had spoken of circulation through the dentinal tubes as being influenced by the cells, and that seemed probable.
Did not Dr. Fish think that the odontoblast cells might have some share in that ?
He (Mr. Doubleday) had been of opinion that odontoblasts could, with their processes, only remain in the dentine so as to provide for its nutrition, and if that was so, the odontoblast cell and its process probably took an active part in the circulation, but not by passing lymph up the cell, because Dr. Fish showed that it passed in the spaces outside the process. With regard to the influence of partial parathyroidectomy on the calcium metabolism.
He had found that in certain cases of pyorrhoea he could produce satisfactory results by the Mr. BAYFORD UNDERWOOD said he did not think there need be doubt any longer as to lymph circulation in the dentine. With regard to the enamel, however, he took it that Dr. Fish himself was not convinced that the lymph stream travelled the whole way through to the surface. Had Dr. Fish any idea as to what happened if it did not get through to the surface ? If the lymph stream did not pass through the enamel, it must pass out somewhere. As to the cementum, Dr. Fish would of course make further investigations, but he did not fully explain how the lymph travelled through the cementum. Could he make any further statement about that? With respect to Mr. Doubleday's remark about the odontoblast, it seemed likely that soon no function would be ascribed to it. Its function of sensation had been removed, and now its function of nutrition was threatened. Then it would be difficult to justify the existence of the odontoblast at all.
Mr. J. B. PARFITT (President) said it was of interest to him to see that the teeth in pyorrhoea showed a diminished calcium content; did Dr. Fish consider that that was merely a local phenomenon. If the dentinal tubes were so permeable, why was it so hard to get cocaine (which was not a very difficult substance to diffuse) into the substance of the dentine ?
Another point needing explanation was the following: the enamel was much permeated by spaces, but what kind of structure had it which enabled it to retain its enormous crushing strength, in spite of the channels which apparently surrounded the prisms?
He (the President) also asked whether the lymph zone, which might contain something besides lymph, threw any light on the peculiar sensation of the tooth. He always had the idea that the peculiar sensation of dentine was not intended by Nature to make a person look upon the filling of a tooth as a kind of Chinese torture, but was probably a part of ordinary sensation, conveying information to the nerve centres which correlated the movements of mastication. Dentine, being an elastic substance, must yield appreciably to the ordinary pressures of mastication. If there was a lyer of sensitive nerve tissue just underneath the enamel, it would probably unconsciously transmit some sort of sensation under the influence of such pressures.
Dr. FISH (in reply) said he would deal first with the President's questions. He had not found that in pyorrhoea the calcium content of the dentine was, as a rule, diminished. The translucent teeth of pyorrhcea often contained the normal amount of calcium. It was perhaps a coincidence that it was a tooth from a severely infected mouth which proved to have the lowest calcium content in the series. The object in mentioning this particular analysis was to show that under some circumstances, as yet not clearly defined, it was possible for calcium to be withdrawn from the dentine, presumably by the lymph stream.
The observation that cocaine was not carried to the pulp from a simple cavity in the dentine by lymph circulation had its counterpart in an experimental observation with methylene blue. It was found that if a cavity was made through the dentine, exposing the pulp, and was then filled with the dye, the dye would enter the pulp and from the pulp would be carried up the tubules. On the other hand it was often noticed that the cavity in the dentine cut across a number of tubules, but, although the cavity was ,full of the dye, this had not entered the tubules which were thus cut across. The explanation was that the movements of the lymph in the tubules originated from the pulp, and the lymph passed out to the marginal lymph plexus, and from this plexus back down other tubules to another part of the pulp.
If, by making a cavity in the dentine, this lymsph path were broken, there was no pressure to drive the lymph back to the pulp along the damaged tubules, and only by supplying artificial pressure, as in cocaine ansesthesia with gutta-percha, could one get the drug into the pulp. Very probably the normal response to injury of the dentine would be an outpouring of lymph into the cavity from the tubules, but this would be difficult to observe clinically.
In the course of a few days after the placing of a diffusible drug in a cavity, some would diffuse into neighbouring tubules in which the circulation was intact and so the drug would reach the pulp. If the drug were arsenic it would cause stasis and so would be retained and kill the pulp, but if it were cocaine it would be absorbed and its local action would only be transient.
Clinically, this would be of no value, since the drug might reach the pulp at any moment from an hour or two to a week or so after its being placed in the cavity.
With reference to the presence of actual lymph spaces in the enamel, it seemed very unlikely that they existed there. If the so-called prism sheath, which was found to contain the dye in these experiments, were a lymph space, the enamel would be much less hard and dense than it was known to be clinically. Moreover, in the dentine where lymph spaces and a true circulation had been demonstrated, foreign substances could be shown to move along the tubules in a few minutes. In the enamel no solid particles had been introduced, and even a soluble dye took a number of hours to enter the prism sheaths. The evidence was, therefore, that the lymph merely diffused along a substance which was at least partially organic and which surrounded each prism. To this substance the name of prism sheath or cuticle had been given.
The demonstration of a lymph circulation in the dentine had a very definite bearing on the explanation of sensation in the dentine. It was a matter of common experience that the most sensitive part of the dentine was the most superficial layer and it was significant that this area coincided with the marginal lymph plexus. Naturally, owing to the ramification of the terminal branches, pressure on this plexus would be more readily transmitted along the tubules to the pulp than would pressure on any other part of the dentine.
The relation of sensation in the teeth to the co-ordination of the movements of mastication was being worked out by Dr. David Stewart of Manchester, and he (Dr. Fish) hoped he might be permitted to leave this matter to be dealt with by Dr. Stewart on the occasion of his forthcoming paper before the Section. In reply to Mr. Livingston, Dr. Fish said that he was satisfied that his experiments showed the presence of body fluids in the enamel and that they entered the enamel from the dentine, since the methylene blue which had been demonstrated in the enamel was dissolved in the body fluids. He would not, however, describe the irrigation of the enamel as a true circulation. On one occasion he had attempted to get methylene blue to enter the enamel from the saliva, but he had failed to demonstrate any of the dye in the enamel. He hoped to repeat this experiment as he certainly would not claim one negative result as proof that there was no possibility of substances from the saliva entering the enamel.
Mr. Turner had asked whether the movements of lymph in the dentinal tubules could be regarded as simple diffusion and not as a true circulation. He (Dr. Fish) said that the presence of particles of pigment in the tubules of his experimental animals showed the existence of a lymph space, and the conditions of the experiment showed that these particles were carried there by some means other than the application of external force. Hence there must be natural movement in the contents of this space-in other words, a circulation of the body fluids along the tubule.
Mr. Turner also raised the question of the analogy between human and dogs' teeth. Dr. Fish felt this to be one of the utmost importance, and referred to the observation of Dr. Percy Howe' that lead could be demonstrated in the dentine and enamel of patients suffering from lead poisoning. This was comparable to the speaker's own observation' that trypan blue could be detected in the dentine of cats' teeth after it had been introduced into the subcutaneous tissues of the abdomen.
A further piece of evidence was available in that he had transplanted a tooth in a girl in hos-ital, and two hours after the operation the tooth was seen to have turned grey, owing, presumably, to the existence of blood pigment in the lymph of the tubules following bnemolysis in the pulp. Some weeks later the discoloration had almost disappeared, and it was thought that the resumed circulation in the tubules had washed out the blood pigment.
In reply to Mr. Bulleid's question as to the nature of the prism sheath -the speaker referred to his answer to the President's question and to the description given by the late Mr. Howard Mummery. In a further question Mr. Bulleid asked whether calcium was found to be withdrawn from the dentine in cases of arterio-sclerosis. He (Dr. Fish) had not undertaken analysis in these cases, but as a general rule he had noted that the dentine shared the fate of other tissues in which calcium was, or might be, deposited. He would therefore expect an increase in the calcium content of the dentine in cases of arterio-sclerosis if any change occurred at all. 1 P. R. Howe, "A New Research on Dental Caries," Dental Cosmos, November, 1926, No. 11, lxviii, Fish: The Lymph Supply of the Dentine and Enamel
Mr. Doubleday referred to the mechanism by which the lymph was caused to flow along the tubules, and while appreciating the possible bearing of the Rouget cells on the problem a3ked whether the speaker thought the odontoblasts could function in this way. Dr. Fish thought that the function of the odontoblast and its process was one of metabolic control. He had demonstrated a flow of lymph in the dentine and also an active calcium metabolism in this tissue. It was therefore necessary to presume some control over these functions, and the most likely link between the nervous system and the dentine, so far as the control of metabolic processes was concerned, was the odontoblast, which sent a prolongation of its cytoplasm along the tubule to the periphery of the dentine. In referring to the clinical experience of parathyroid extract in pyorrhcea treatment he (the speaker) was interested in hearing that benefit had been recorded, since it had been found impossible to preserve the life of a parathyroidectomized cat by the exhibition of parathyroid extract by mouth, though this result had been obtained by using the hypodermic preparation of Collip.
In reply to Mr. Bayford Underwood, he (the speaker) said that he thought that the lymph entered the organic material of the prism sheath in the enamel by a process of diffusion, and that there was no indication of any actual flow and return along definite paths. The dyed lymph simply appeared to diffuse along the sheaths, and when, as a result of metabolic processes, its composition became altered it would presumably be replaced with fresh lymph by the same process of diffusion.
